To better understand the interaction of joints and its effect on the mechanical behavior of jointed Rock-like material models, the results of a physical experiment program undertaken in the laboratory were present in this manuscript. This experiment used the physical simulation method to study the mechanical and acoustic properties of specimens. The ratio of cement: sand (quartz stone): water = 1:2:0.5 respectively was used to make 100 ×100×100 mm of jointed cubic specimens. Based on the uniaxial load test of a single jointed rock mass model, the relationship between the jointed thickness and the peak strength is obtained. The result shows that the peak strength decreased with the increase of joint thickness. At the same time, by using acoustic emission on fracture procession and digital photographic analysis, obtained acoustic emission events localization and fracture propagation characteristics in jointed rock mass with the different joint. It is found that in different stages of the stress-strain curve, the acoustic emission signals show the varying degrees of intensity. At the beginning of plastic deformation and strain softening propagation, the ring-down counting will be suddenly increased and the cluster location depends on the joint. The failure modes of the specimens with different jointed thickness were mainly the splitting failure and partial shear failure.
INTRODUCTION
Study on the strength failure and crack coalescence behavior of rock material containing different pre-existing cracks (fissures, holes, combined flaws) has been a significant topic in current research. There are numerous experimental investigations on crack initiation and coalescence of pre-cracked rock. Most of the work [1] [2] [3] [4] have been focused on a physical test of real rock specimens such as brittle rock. YANG et al [1] investigated the brittle sandstone specimens containing a single fissure and obtained that the strength and deformation failure behavior of rock were depending on single fissure length and fissure angle.
YANG et al [2] by using Uniaxial compression test and Acoustic Emission (AE) techniques for red sandstone specimens which contain two unparallel fissures in order to study the effect of fissure angle on the mechanical behavior and also analyzed the real-time crack coalescence process.
In nature, engineering rock masses do not always contain parallel fissures and generally composed of unparallel fissures. Many previous studies have focused on crack coalescence between non-parallel flaws as well [3] [4] [5] . Lee and Jeon [4] carried out uniaxial compression experiment for Diastone (types of molded gypsum) and granite containing two unparallel fissures. This study was a good start to consider the coalescence of nonparallel flaws, but it is not sufficient to only study configurations in which one flaw is partially or completely underneath the other horizontal flaw. Zhang et al. [5] also studied the coalescence behavior of non-parallel flaws and their results identified five types of linkage between the two flaws: tensile crack linkage with shear coalescence at the tip, shear crack linkage, mixed linkage, tensile crack linkage, and indirect crack linkage.
Besides the above typical tests on model materials containing cracks, some specimens contained combined flaws, have also been tested to investigate the mechanical behaviors of precracked rock materials. Li et al [6] carried out the uniaxial compression experiments on marble with combined flaws, to investigate the propagation and coalescence of cracks in marble specimens. The result showed that two types of newborn cracks are observed: wing (tensile) cracks and secondary (shear) cracks. Sheng-qi Yang [7] based on the axial stress-axial strain curves, the effect of fissure angle on the strength and deformation behavior of sandstone specimens containing combined flaws is analyzed. According to the monitored results, the effect of crack coalescence process on the strength and deformation behavior is investigated based on a detailed analysis of brittle sandstone specimens containing combined flaws by using digital photogrammetry. Qian Yin [8] focused on the effect of pre-existing flaw geometry on mechanical behavior and crack coalescence modes of the International Journal of GEOMATE, June 2019, Vol.16, Issue 58, pp.203 -210 Geotec., Const. Mat. & Env., DOI: https://doi.org/10.21660/2019.58.82002 ISSN: 2186-2982 (Print), 2186-2990 (Online), Japan sandstone specimens containing combined flaws with different fissure angle, ligament length and fissure length under uniaxial compression. The effect of flaw geometry on the mechanical behavior of sandstone specimens was analyzed.
In order to investigate the influence of water chemistry on the mechanical behavior of prefissure red sandstone, Lu. et . al [9] The interaction between multiple pre-existing flaws and its effect on the mechanical behavior of rock or rock-like specimens were considered in previous studies, such as the joint inclination angle, joint distance [11] [12] [13] [14] [15] [16] , and overlap distance [13] [14] .
Many numerical methods have been developed and applied to simulate the mechanical behavior of non-persistent jointed rock mass and had been extensively investigated through numerical modeling [16] [17] [18] . Fan et al [16] by using PFC3D software [17] , performed numerical simulations to study the influence of multi-non-persistent joints on jointed rock block mechanical behavior. The result showed the significant influence of joint orientation and its persistence on the strength and deformation modulus values of jointed rock blocks. Yang et. al [18] by numerical simulations investigated the mechanical behavior of a jointed rock mass with non-persistent joint orientation and support stress on the free surface on mechanical behavior and three failure modes identified are intact rock failure, step-path failure, and planar failure.
As it is well known, acoustic emission (AE) technique is an efficient measuring tool to present the evolution and propagation of defects in materials and has been widely applied to investigate the internal damage and fracture behavior of the rock material in many types of studies [19] [20] [21] . However, AE techniques were less used to date to explore the initiation, propagation, and coalescence of rock-like specimens containing flaws.
In this manuscript, the results of a laboratory experimental program designed to look at the interaction of joints and its effect on the failure mode, strength and deformation behavior of jointed rock masses are presented. The acoustic emission characteristics and fracture evolution of jointed rock mass with different jointed parameters are studied under uniaxial compression.
MECHANICAL PROPERTIES OF SPECIMEN
After the multiple numbers of experimental test, the material composition ratio was determined as follows: Cement to sand (Quartz) mass ratio is 1:2, water is 1/5 of the total weight. The experimental results are shown in the following The test ratio which gave the experiment result with minimum stability error was selected. Experimental damage formed were mainly tensile, and shown as below: The method for making jointed rock specimen: During the process of pouring the C:S mixture in the specimen mould ， a constant dip angle and depth of stainless steel sheet with different thickness into the model was carefully maintained, and the metal sheet was extracted before solidification of C:S mixture model. It was quite challenging to accurately control the surface position and the corresponding depth of the joint. The author succeeds through the continuous attempt to groping the poured specimen. A test method for the production of jointed rock specimens was designed independently. The method is simple to operate, completed the model of specimen effect is better. The materials required for this method were included: 100 mm×100 mm×100 mm plastic mold, silicone gasket, washers, stainless steel, and stainless steel plate. Production experiment tools and the process is shown in (Fig.2) . Fig.2 The production tools and processes of Specimens: a) Tools; b) Vibration; c) Prefabricated joints; d) Maintenance; e) Polish; f) forming All experiments were done at the State Key Laboratory for Geomechanics and Deep Underground Engineering, China University of Mining and Technology. The test loading system using YNS-2000 type electro-hydraulic servo testing machine was obtained as shown in (Fig.3) . Axial displacement was controlled to keep the rock-like specimens in a quasi-static state under compression rate of 0.0025 mm/s. The axial force and displacements were recorded automatically by the loading equipment. The petroleum Vaseline gel was applied on both sides upper and lower loading 
TEST RESULTS

Stress-strain Curves of Specimens with A Different Joint Thickness
The joint of 40 mm width and 60-degree angle to horizontal was created throughout the length of the sample and it is shown in the Fig.3a . When the joint thickness is respectively 0.5 mm, 1.0 mm, 1.5 mm, 2.0 mm and 3.0 mm, the stress-strain curve of a single jointed rock mass under uniaxial compression is shown in Fig.4 . From the figure, it can be seen that the stress-strain curves of single joint rock mass with different joint thickness include five stages: Compaction stage, elastic deformation stage, plastic deformation stage, strain softening stage and residual strength stage. The transitional stage in the curve of elastic deformation stage and the plastic deformation stage, the curve decrease gradually. This is mainly because at this time both sides of the specimen
Steel plate
Steel sheet began to fracture and formed a larger macro fracture surface. In addition, when the jointed thickness increases, the peak stress reduction on the curve will become more and more distinct. The values from the stress-strain curve (Fig. 5 ), for the elastic modulus (E), the peak strain (εc) and the peak stress (σc) of the single jointed rock mass in different jointed thickness are shown in table 3. As per the (Fig.5) (a) , the experiment result showed that with the increase in thickness of the joint, the elastic modulus of the single jointed rock mass quickly decrease at first, then increase gently up to a certain stage and finally decrease gently. When the thickness of the joint increased from 0.5 mm to 1.0 mm, large variations in elastic modulus takes place, that is a decrease from 2.209 GPa to 1.323 GPa, which is 40.1 % of initial value. Meanwhile, when the thickness of the joint increased from 1.0 mm to 2.0 mm, elastic modulus also gently increased from 1.323 GPa to 1.639 GPa, that is increased by 23.89% of the later larger value.
Here, the Figs. 5 (a), (b) and (c) show the correlation of the elastic modulus, the maximum strain, and the maximum stress with the varied thickness of the joint. In general, when the thickness of joint in specimens increased, the peak stress (σc) value seems to be linearly decreased approximately, whereas the elastic modulus and the peak strain values show non-linear behavior due to the effects of different joint thicknesses. But it is seen that the peak value of stress and the modulus of elasticity of specimen containing joints are significantly lower than no joint specimen.
Analysis of the Characteristics of the Expansion and Evolution of the Joint
To study the influence of the joint thickness in the fracture evolution of rock mass during the uniaxial compression process, the data of three typical features point image were analyzed on the test process.
The three points a) the crack initiation strength (σP), b) peak strength (σc) and c) post Peak strength (0.5σc) were studied successively. The fracture evolution characteristics of rock specimens under different joints thickness can be observed from Fig. 6-10 Peak value σc; c) The post-peak 50σc
Again, the fracture evolution process of specimens under the different joints thickness conditions showing the order of cracks appearance sequentially can be observed from the (Fig.11) , with the sequence of ascending order. Fig.11 The sketch of failure modes in specimens with different joints thickness: a) 0.5 mm; b) 1 mm; c) 1.5 mm; d) 2 mm; e) 3 mm.
Under uniaxial compression, in the beginning, the failure of the specimen is mainly concentrated on the two lateral sides of the specimen. When the stress reaches the initial stage of plastic deformation, it is found that the stress decreased simultaneously, and both sides of the specimen are observed with a vertical splitting crack. And on the continuous increase in the pressure, the splitting crack on both sides also continued to extend from the top to bottom surface of the specimen, hence, observe tensile fracture surface. Meanwhile, when the joint thickness was less than or equal to 1.5 mm, the fractured surface side of the specimen was less which was mainly in the boundary of the specimen. Similarly, when the thickness was greater than 1.5 mm, the side of the specimens had produced several fractures through the surface, and the location was located in the middle of the specimen.
The specimen under continuous compression produced several destructed small blocks, and the final failure mode is in "cone" shape. When the joint thickness was less than 1.0 mm, the failure of the front face of the specimen was mainly caused by the multiple shear-compression fracture surface, and the failure mode was mainly a shearcompression failure, and the specimen produced more broken small pieces. When the thickness of joints is between 1.0 and 1.5, the failure of specimens is mainly caused by vertical macrofracture surface from top to bottom along the longitudinal direction of joints. The failure mode is mainly splitting failure, and the surface of specimens will produce local spalling phenomenon.
When the thickness of the joint was greater than 1.5 mm, the failure mode observed mainly was compression shear and tensile failure, and the larger portion of the specimen was found to be broken, hence, the complete degree of the specimens was poor. Hence, when the joint thickness is, even more, larger, the number of crack on the surface of a damaged specimen is even lesser.
Meanwhile, the relationship between joint thickness and peak strain, as observed from the ( Fig.5b) , show that with the increase in the thickness of joint, the changing of the peak strain of the single jointed rock mass is rise and fall manner, but on the whole, initially, it shows a trend of increasing, then decreasing and again increasing trend. During the increase from 0.5 mm to 1.5 mm, the peak strain increase from 1.213 to 1.401, that is 15.50 % of initial value. Similarly, when the thickness of the joint increased from 1.5 mm to 2.0 mm, the peak strain decreased from 1.401 to 1.237, that is -11.71% of initial value. And, when increase from 2.0 mm to 3.0 mm, the peak strain increase from 1.237 to 1.332, which is 7.68 % of initial value. Fig.12 The curves between σp and jointed thickness Similarly, the relationship between initial crack stress (σP) and joint thickness as observed from fig.12 , it is observed that as the thickness of precast joint increases, the initial cracking stress fall gradually. When the jointed thickness increased from 0.5 mm to 3.0 mm, the initiation stress decreased from 18.324 MPa to 8.580 MPa, which is reduced by 53.18 %. On fitting the polynomial equation of initial crack stress and jointed thickness, the relationship between them satisfied the polynomial function, with the correlation coefficient R 2 = 0.989. As per this polynomial function, it can be speculated that when specimen containing 0 mm jointed thickness, the initial cracking stress of the specimen was 22.13 MPa. Thus, for similar materials types, this polynomial function is supposed to predict the crack stage.
Analysis of Acoustic Emission Signal Characteristics of Specimens under Uniaxial Compression Testing.
The typical relations between stress and ringdown count in varied time under different joints thickness are shown in (Fig.13) . The analysis of acoustic emission characteristics under the different thickness of the joint is also clearly shown in (Figs.13a-e) .
At the beginning of loading, that is in the compaction stage, the acoustic emission (AE) signal is very weak up to the elastic stage. Very small ring-down counts are observed almost near to zero value. Suddenly, when curve reaches the elastic limit stage, the acoustic emission signals have significant enhancement and the ring-down count had a significant jump, this may be due to sudden failure (cracked development) with larger sound on the sample. Similarly, when the curve reaches the peak value (Ultimate Stress points), the ring-down count is much larger than other and several fluctuating jumps are observed. The ringdown count does not increase sharply close to the peak stress, and especially in the strain softening stages many AE events still emerge. This stage of specimen failure is relatively serious, and the surface of the specimen had been broken in more surface. Additionally, AE events reduce gradually with stress increase before reaching the peak. After the stress enters the strain softening stages, the acoustic emission signal becomes weak, the ringing count decreases and tends to be stable.
Thus, by the comparative study between the AE characteristics curve of pre-peak and post-peak stress is an advantageous way of identifying the peak stress.
CONCLUSIONS
Through uniaxial loading tests of single joint rock mass model, the relationship between different joint thickness and the peak stress intensity is obtained. When the thickness of the joint increases from 0.5 mm to 3.0 mm the peak strength, elastic modulus and peak strain will be decreased. Linear fitting of peak strength and joint thickness show that the relationship between them satisfies the linear function, but the elastic modulus and peak strain have varied extreme points.
The nature of the failure of the specimens with different joint thickness has the splitting failure in majority whereas shear failure in partly.
By the analysis on using both acoustic emission (AE) and digital photography during the rupture stages, the study of the location of acoustic emission and fracture characteristics under different parameters of joints are obtained. At the beginning of plastic deformation and strain softening propagation, the ring-down counting will sharply be increased and the cluster location depends on the joint thickness.
